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EP 1 975 230 A1
Description

[0001] The invention pertains to a method for forming glucose sensitive micro-particles and in particular to glucose
sensitive micro-particles formed by hydrogel particles comprising dextran and a glucose-binding lectin, such as conca-
navalin A, a stabilised enzyme, an aptamer, or spiegelmer.

BACKGROUND OF THE INVENTION

[0002] For glucose sensing a sensitive system, comprising two components is widely used. The components are
macromolecular dextran and concanavalin A (Con A), a glucoses-specific lectin. Concanavalin A can reversibly bind
four glucose residues due to its affinity to glucose and thus forming a reversible network with dextran. In the presence
of glucose, dextran is reversibly displaced by glucose. This competitive binding can be used to form a glucose-sensitive
system. For example, a first dye can be covalently coupled to dextran as a donor, and a second dye can be covalently
coupled to concanavalin A as an acceptor. The dyes are chosen such that the emission wavelength of the donor overlaps
the excitation wavelength of the acceptor to allow a Forster resonance energy transfer, which is also commonly known
as fluorescence resonance energy transfer (FRET), between the donor and the acceptor. The energy transfer between
the donor and the acceptor strongly depends on the distance between the dyes. By exciting the donor, the emission
intensity of the acceptor and/or the donor can be used as a measure to evaluate the distance between both dyes, which
allows an estimation of the amount of glucose and dextran bound to concanavalin A.

[0003] Commonly, both dyes, which are coupled to dextran and concanavalin A, respectively, are caged in a micro
particle having a diameter between 10 and 60 wm. An example is Poly-L-Lysine coated calcium alginate microencap-
sulated Con A and dextran as for instance described in Russel et al., "A Fluorescence Glucose Assay Using Poly-L-
Lysine and Calcium Alginate Microencapsulated TRITC-Succinyl Concanavalin A and FITC-Dextran" IEEE Engineering
in Medicine and Biology Society, Vol. 20, No. 6, 1998, pp. 2858 - 2861 and US 6 485 703. Glucose can freely diffuse in
and out of these particles, which ensures that the glucose concentration inside the particle changes proportionally to
the concentration in a solution in which the particles are suspended. The interaction between glucose and concanavalin
A is stronger than the interaction between dextran and concanavalin A. When dextran is displaced by glucose, dextran
can more freely diffuse within the particles resulting in an increased average distance between the FITC-dye forming
the donor and the TRITC-dye forming the acceptor. This results in an increased emission intensity of the donor since
the excitation of the donor cannot be transferred any further radiationless to the acceptor. At the same time, the emission
intensity of the acceptor decreases.

[0004] When the glucose level in the solution reduces, glucose diffuses out of the particles and allows dextran to form
again a complex with concanavalin A, since both molecules remain in the PLL-coated microcapsule and cannot diffuse
out. The excitation of the donor can thus increasingly be transferred to the acceptor whereby the detectable emission
intensity of the donor reduces.

[0005] Another commonly used system for detecting glucose concentration comprises covalently bound concanavalin
A to polyethylene glycol (PEG) as for instance described in the above mentioned US 6 485 703, US 2005/0267326 and
US 7 166 458.

SUMMARY OF THE INVENTION

[0006] According to a first aspect of the invention, a method for forming glucose sensing micro-particles is provided.
The method comprises the steps of:

(a) providing a suspension comprising hydrogel micro-particles, the hydrogel micro-particles comprising a covalently
cross-linked or ionically cross-linked hydrogel matrix, which comprises functional groups;

(b) adding one or more reagents to the suspension to activate the functional groups of the hydrogel micro-particles;
and

(c) after having activated the functional groups, adding a glucose-binding lectin, such as concanavalin A in pure or
modified form, a stabilised glucose-specific enzyme, an appropriate molecule from aptamer or spiegelmer classes,
or a mixture thereof to the suspension to link them covalently to the activated functional groups.

[0007] In the following description, a glucose-binding lectin, such as concanavalin A in pure or modified form, a
stabilised glucose-specific enzyme, and an appropriate molecule from aptamer or spiegelmer classes are referred to as
glucose-specific molecule.

[0008] The functional groups of the hydrogel micro-particles or its hydrogel matrix are activated before the glucose-
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specific molecule is added. The "non-activated" glucose-specific molecule therefore only reacts with the functional groups
of the hydrogel matrix. Unlike previous attempts to form hydrogel micro-particles by copolymerisation in the presence
of glucose-specific molecule such as concanavalin A, the micro-particles are formed and cross-linked before glucose-
specific molecule is covalently bound to the polymer backbone of the hydrogel matrix according to an aspect of the
invention.

[0009] Ithasbeenobserved by the inventors that by avoiding activation of the glucose-specific molecule the functionality
of the glucose-specific molecule can be maintained. It is believed, without wishing to be tight to theory, that copolymer-
isation in the presence of an glucose-specific molecule results in a partial cross-linking of the glucose-specific molecule,
which reduces the ability of the glucose-specific molecule to bind glucose. It is assumed that internal cross-linking of
the glucose-specific molecule also occurs when it is activated by an appropriate reagent since many glucose-specific
molecules comprise functional groups, which are similar to functional groups of the hydrogel polymer matrix. Therefore,
the glucose-specific molecule is added to the suspension without any preceding activation of glucose-specific molecule.
[0010] Toensure thatthe glucose-specific molecule is not activated by the reagents added to the suspension a washing
step such as filtration or centrifugation can be performed after activation of the functional groups of the hydrogel matrix.
[0011] The glucose-specific molecule is conjugated with a dye, which forms together with a dye conjugated to dextran
a FRET-pair. In many applications, the glucose-specific molecule is a glucose-binding lectin such as concanavalin A.
[0012] According to an embodiment, the functional groups of the hydrogel matrix may comprise carboxyl groups,
which can be for instance activated by N-Ethyl-N*-(3-dimethylaminopropyl)carbodiimide hydrochloride and N-Hydrox-
ysulfosuccinimide sodium salt (EDAC/NHS), conversion of the carboxylic acids to anhydrids, and carboxylic acid chlo-
rides. Harsh reaction conditions do not cause problems as the sensitive protein and the dye conjugated to the glucose-
specific molecule are not exposed.

[0013] For forming the hydrogel micro-particles prior to bind glucose-specific molecule, a radical polymerisation of
monomers can be for instance used. The monomers might comprise functional groups suitable to bind the glucose-
specific molecule. Alternatively, the respective functional groups are added prior to polymerisation. It is also possible to
form the hydrogel micro-particles by ionically cross-linking of polyelectrolytes using appropriate multivalent counter-ions.
In some embodiments, divalent counter-ions are used.

[0014] Dextran conjugated with the other dye is typically added after covalently coupling the glucose-specific molecule.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A full and enabling disclosure of the present invention, including the best mode thereof, to one of ordinary skill
in the art, is set forth more particularly in the remainder of the specification, including reference to the accompanying
figures. Therein:

[0016] Figures 1A and 1B show alginate hydrogel beads with covalently coupled concanavalin A (Figure 1A) and
uncoupled reference (Figure 1B).

[0017] Figure 2 shows anincrease of the donor signal due to glucose addition to alginate beads with covalently coupled
concanavalin A.

[0018] Figure 3 shows polyacrylate hydrogel beads with covalently coupled concanavalin A.

[0019] Figures 4A to 4C shows fluorescence recovery after photo bleaching (FRAP) experiments. Figure 4A shows
particles with a photo bleached spot 3 min after bleaching. The diffusion of concanavalin A is hindered due to the coupling.
Uncoupled concanavalin A in a similar bead just after bleaching is shown in Figure 4B and after 3 minutes in Figure 4C
indicating the mobility of concanavalin A..

[0020] Figure 5 shows an increase of the donor signal due to glucose addition to polyacrylate beads with covalently
coupled concanavalin A.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0021] For purpose of promoting an understanding of the principles of the invention, reference will now be made to
the preferred embodiment illustrated in the drawings and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is thereby intended, such alterations and
further modifications in the illustrated device and/or method, and such further applications of the principles of the invention
as illustrated therein being contemplated as would normally occur now or in future to one skilled in the art to which the
invention relates.

[0022] An aspect of the present invention as described in this specification is the covalent coupling of a glucose-
specific molecule to hydrogel particles. This allows for a caging of the molecule without requiring an additional cage
around the particle and therefore avoids the leakage of the concanavalin A. As dextran is adsorbed quantitatively and
therefore does not diffuse out of the particles, this is a fast way to fulfil the conditions of caging dextran and concanavalin
A within hydrogel particles.
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[0023] In the following, the invention is described in connection with glucose-binding lectin and specifically, in con-
nection with concanavalin A. Concanavalin A is conjugated with an appropriate dye to form a FRET pair with another
appropriate dye conjugated to dextran. A skilled person will appreciate that a variety of dyes are suitable to form FRET
dye pairs. An example is FITC and TRITC. It is intended that the invention is not restricted to specific dyes.

[0024] Typically, the micro-particles can have a size between about 500 nm and about 60 pm to about 100 pm. This
size range has proved to be of advantage for many sensing application since the micro-particles are small enough to
be finely dispersed in the measuring environment while at the same time large enough to give sufficient fluorescence
intensity.

[0025] For coupling concanavalin A to the hydrogel particles, different functional entities can be used, e.g. the coupling
of amines to carboxyl groups of the hydrogel using EDAC/NHS, the conversion of an amine of the protein to an azide,
and further reactions or reactions of the "click chemistry" after introduction of the respective groups. The reaction con-
ditions have to be chosen in a way that the activity of the protein is maintained. In some embodiments, concanavalin A
is coupled to the hydrogel micro-particles in the presence of glucose to ensure that the glucose-specific binding sites of
concanavalin A are occupied by glucose and cannot react with the activated functional groups of the hydrogel micro-
particles. This further also maintains the glucose-specific binding capacity of concanavalin A.

[0026] Typically, the hydrogel particles are formed before concanavalin A is covalently bound to the polymer matrix
of the hydrogel particles so that the concanavalin A can be bound to the polymers, which are already cross-linked or
ionically linked. Examples are polyacrylates, polymethacrylates, polyvinylpyrrolidon, and polyalcohols.

[0027] Hydrogel particles can be manufactured in different ways. One option is a radical polymerisation of monomers.
The monomers may naturally carry a functional group onto which the concanavalin A can be bound later. Alternatively,
the functional group can be added to the monomers before polymerisation.

[0028] As an example, hydrogel particles can be formed by radical polymerisation using

(A) acrylic monomers having a carboxyl group such as methacrylic acid and acrylic acid,
(B) non-ionic monomers, such as acrylamide, poly(ethylene glycol) acrylate or 2-hydroxyethyl methacrylate, and

(C) a cross-linking agent such as bisacrylates, for example N,N’-methylenebisacrylamide or poly(ethylene glycol)
dimethacrylate.

[0029] The radical polymerisation is typically carried out in an emulsion or concentrated emulsion to form the micro-
particles. Alternatively, only acrylic monomers (A) and a cross-linking agent (B) without additional non-ionic monomers
can be used.

[0030] If non-acryl monomers such as polysugars, for example alginate, dextran and hyaluronic acid, are to be poly-
merised, the non-acryl monomers are acrylated using for example glycidylmethacrylate and at least an acrylate selected
from the group comprises acrylates of the above group (A), (B), (C), and mixtures thereof. The acrylated monomers are
then polymerised by radical polymerisation in an emulsion or concentrated emulsion.

[0031] An example of the group (A) compounds is:

Methacrylic acid

H,C=C—C—OH
CH,

[0032] Examples of group (B) compounds are:
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[0034]
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Poly(ethylene glycol) acrylate
o

X / \
H,C=CH—C—0 —&CH2 CH, O——H

n

2-Hydroxyethyl methacrylate

Ao

o

Glycidyl Methacrylate

0

HaC
3 %0/\7
CH, O

Examples of the group (C) compounds are:

N,N'-Methylenebisacrylamide
Hzcé\n/ ~~ Y§0H2
o 0

Poly(ethylene glycol) dimethacrylate

O

1 I
CH, " CH,

Different to radical polymerisation is the formation of hydrogel particles by ionically linking polyelectrolytes using
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multivalent counter-ions. For example, alginate can ionically be cross-linked with group Il cations such as calcium, which
results in a micro-particle gelation of alginate.

[0035] Two hydrogels, which were used as examples, are ionically cross-linked alginate and covalently cross-linked
acrylate hydrogels. Both of the examples offer the advantage of a quantitative uptake of dextran, which will therefore
not diffuse out of the hydrogel even without being physically cross-linked to the polymer matrix.

[0036] The acrylate hydrogels for example can contain acrylamide and methacrylic acid as linear components for the
hydrogel formation and N, N’-Methylenbisacrylamide as cross-linking agent. Different ratios of acrylamide and methacrylic
acid can be used (e.g. 1/1, 3/1 15/1) all with a degree of cross-linking of 2.5% having a total acrylate concentration of
16.4% in the reactive solution. The particles can be formed using a concentrated emulsion polymerisation with ammo-
niumperoxidisulfate as starter and N,N,N’,N-tetramethylethylendiamine as catalyst. The resulting particles are strongly
swelling in water and have a size distribution in the range mentioned above.

[0037] The formation of the hydrogel micro-particles including any cross-linking should be completed before conca-
navalin A is covalently bound to the polymer matrix. For maintaining the binding activity of concanavalin A and the
fluorescence capability of the conjugated dye, the functional groups of the polymer matrix only are activated without
exposing concanavalin A to the reagents which is used for activation. For example, the covalently or ionically cross-
linked hydrogel micro-particles can be washed with a buffer solution to adjust the pH within the micro-particles. The
activation is performed using e.g. N-Ethyl-N*(3-dimethylaminopropyl)carbodiimide hydrochloride and N-Hydroxysulfo-
succinimide sodium salt (EDAC/NHS). The reagents are incubated with the hydrogel micro-particles and subsequently
washed away using filtration or centrifugation so that no activation reagents remain in the micro-particle suspension.
[0038] After activation, concanavalin A is added to the micro-particle suspension and binds to the activated functional
groups of the polymer matrix, thereby avoiding a cross-linking between concanavalin A molecules. For example, con-
canavalin A can be dissolved in a desired buffer and then added to a suspension or sediment of the activated hydrogel
micro-particles. The pH-value of the buffer for dissolving concanavalin A and the pH-value of the suspension should be
adjusted to ensure that concanavalin A can penetrate the hydrogel micro-particles. For hydrogel micro-particles being
formed by polymerisation of acrylates the suspension should be at least slightly acidic with a pH-value less at about 6.
Typically, the pH-value is adjusted in this case to be higher than about 5 to avoid exposing concanavalin A to strong
acidic environment. On the other hand, if the hydrogel micro-particles are formed by cross-linked alginate, the suspension
can be either acidic or basic. Typically, the pH-value is adjusted to be outside of a range between about 6 and about
7.4 since concanavalin A is in this range only slightly soluble. For acidic environment, the pH-value can be adjusted to
be between about 5 and 6 and for basic environment the pH-value can be in the range between 7.4 and about 8.
[0039] Ifconcanavalin Ais dissolved in a buffer, which also has functional groups similar to concanavalin A, the solution
should be dialysed against another suitable buffer. For example, concanavalin A is commercially available in a solution
of a TRIS-buffer (trishydroxymethylaminomethane) carrying also amino groups which will bind to the activated carboxyl
groups of the polymer matrix. To avoid the binding of TRIS to the polymer matrix, the concanavalin A solution can be
for instance dialysed against a borate buffer. The pH-value of TRIS and borate buffer is slightly basic and concanavalin
A exhibits in such an environment a negative net charge. This would prevent the incorporation of concanavalin A into
hydrogel micro-particles formed by acrylates, which also have a negative net charge. This problem, however, can be
overcome by ensuring that the buffer used in the acidic suspension of the polyacrylate micro-particles can substantially
buffer the pH-value even when the basic concanavalin A solution is added. For instance, the suspension may contain
a sufficient amount of buffer for maintaining the acidic environment. By adding the concanavalin A solution to the
suspension the net charge of the concanavalin A is instantly changed thereby avoiding an aggregation of concanavalin
A. During mixing of the concanavalin A solution with the micro-particle suspension, stirring or shaking improves mixing
and further reduces aggregation of concanavalin A.

[0040] After a sufficient incubation time the non-bound concanavalin A is washed away using for example water or
borate buffer.

[0041] Dextrancan be incorporated into the micro-particles either before or after binding of concanavalin A. If functional
groups were added to the dextran, e.g. for the coupling of the dye which would also react with the activated groups of
the hydrogel, dextran is added after the covalently coupling of concanavalin A.

[0042] Ifdesired, the micro-particles can finally be coated by one or more layers of alternately charged polyelectrolytes,
which can improve the stability of the micro-particles.

[0043] The described particles can be embedded in bigger structures e.g. in implants which are implanted allowing a
measurement of the blood glucose level in vivo. It is also possible to use the micro-particles for glucose-sensing appli-
cations in non-medical applications such as food production.

[0044] The above-described approach of caging concanavalin A and dextran in the micro-particles has been proved
to produce stable micro-particles with a sufficiently strong fluorescence response to variation of the glucose concentration.
The micro-particles allow the reversible formation of a complex between dextran and concanavalin A depending on the
glucose concentration. In particular, a continuous forming and dissolving of the complex ensures that both components
remain in the micro-particles and cannot diffuse away too far from each other.
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[0045] The hydrogel micro-particles formed by the above method provides a variety of advantages such as:
(a) Dextran and concanavalin A can diffuse within the hydrogel micro-particles.
(b) Glucose can readily diffuse in and out of the hydrogel micro-particles.

(c) At least one of the components (typically dextran) can diffuse freely in the hydrogel to form and dissolve the
complex. Alternatively, both compounds can be bound to the polymer matrix.

(d) Functional entities are provided to couple covalently one or both components to the polymer matrix.

(e) The binding capacity of concanavalin A and the fluorescence capacity of the conjugated dye are less affected
by the covalently coupling to the polymer matrix than in commonly used copolymerisation approaches

[0046] In the following, specific examples are described from which further aspects and advantages can be drawn.
Example 1: Coupling of concanavalin A to alginate beads

[0047] 2.5 ml of alginate beads (micro-particles) of a 4.23 vol% solution were washed three times with borate buffer.
To activate the micro-particles for coupling of the protein, 105 wl of a 10 mg/ml solution of Sulfo-NHS in 10 mM borate
buffer at pH 8 and 28.5 .l of a 100 mg/ml solution of EDAC in 10 mM borate buffer at pH 8 were added. This results in
an activation of about 15% of the carboxyl groups of the alginate. After 30 min, the micro-particles were separated by
centrifugation and washed twice with water to avoid reactions of the protein with unreacted NHS and EDAC. The particles
were centrifuged again and 950 wl of a 5.9 g/l solution of concanavalin A in 10 mM borate buffer at pH 8 was added and
incubated over night. The particles were washed until no concanavalin A could be detected in the supernatant using
fluorescence spectroscopy.

[0048] The concentration of concanavalin A in the particles is approximately 6.5 g/l. After adding dextran to the particle
suspension, the suspension was washed again and filled up with 10 mM TRIS buffer at pH 7.4 to adjust the particle
concentration in the suspension. The glucose response is measured by diluting 25ul of the bead suspension with 1975
wl of 10 mM TRIS buffer at pH 7.4. The fluorescence spectrum of the suspension is recorded using an excitation of the
donor. The emission of the donor and acceptor were measured, respectively. 14 wl of a 1 M glucose solution is added
and the spectrum is recorded again. The difference in intensity gives the glucose response using the formula:

Glucose response [%]= ((Intensitétigomg-Intensitétomg)/Intensitétomg)*100

[0049] The glucose response was measured and calculated to be 45%.

[0050] Figure 1A shows a microscopy image of an alginate hydrogel beads suspension with covalently coupled con-
canavalin A whereas Figure 1B shows an uncoupled reference. The gain for the image shown in Figure 1B is set to
about 5.5 so that the intensity is comparable with the intensity of the image shown in Figure 1A. This also shows that
without covalently binding only very few concanavalin A is incorporated into the micro-particles.

[0051] The increase of the donor signal with respect to the addition of glucose as described above is shown in Figure
2, wherein curve 1 shows the emission of the donor and acceptor after glucose addition and curve 2 before glucose
addition..

Example 2: Coupling of concanavalin A to polyacrylate beads

[0052] 2.5 mlof polyacrylate beads (micro-particles) having a acrylamide/methacrylic acid ration of 1/1 and a concen-
tration of 22 vol% were washed three times with MES (2-(N-morpholino)ethanesulfonic acid) buffer. To activate the
particles for coupling the protein, 53.4 pl of a 100 mg/ml solution of Sulfo-NHS in 10 mM MES buffer at pH 5.6 and 19.60
wl of a 100 mg/ml solution of EDAC in 10 mM MES buffer at pH 5.6 were added. This is an activation of about 100% of
the carboxyl groups of the polyacrylate beads. After 30 min, the particles were separated by centrifugation and washed
twice with water to avoid reactions of the protein with unreacted NHS and EDAC. The particles were centrifuged again
and resuspended in 2.5 ml with 50 mM MES buffer at pH 5.6. 1250 pl of a 5.6g/I solution of concanavalin A in 10 mM
borate buffer at pH 8 was added and incubated over night. Due to the higher volume and the higher buffer concentration
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in the particle suspension, the pH of the suspension does not change much when the concanavalin A solution with the
borate buffer is added. The micro-particles were washed with 10 mM borate buffer at pH 8 until no concanavalin A could
be detected in the supernatant using fluorescence spectroscopy.

[0053] An example of polyacrylate hydrogel beads with covalently coupled concanavalin A is shown in a confocal
fluorescence microscopy image shown in Figure 3.

[0054] For verification of the concanavalin A coupling to the polyacrylate beads, fluorescence recovery-after-photo-
bleaching-experiments have been performed. Different to the case were concanavalin A was not coupled covalently to
the polyacrylate beads, the fluorescence of an area of a bead which was bleached using a confocal microscope does
not recover due to the restricted diffusion of concanavalin A since it is covalently coupled to the bead. Figure 4A shows
a microscopic image of polyacrylate beads with covalently coupled concanavalin A 3 min after bleaching. The arrow in
Figure 4A indicates a photo bleached spot, which remains clearly visible after 3 min. This indicates that no recovery
takes place due to the restricted diffusion of the bound concanavalin A. Contrary thereto, Figure 4B shows uncoupled
concanavalin A in a similar bead just after bleaching and after 3 minutes (Figure 4C). The bleached spot (indicated by
an arrow in Figure 4B) is recovered (Figure 4C) due to the possible diffusion of the unbound concanavalin A.

[0055] The concentration of concanavalin A in the beads is approximately 22.3 g/I. After adding dextran to the micro-
particle suspension, the suspension is washed and filled up with 10 mM TRIS buffer at pH 7.4 to adjust the particle
concentration in the suspension. The glucose response is measured by diluting 25u.l of the bead suspension with 1975
wl of a 10 mM TRIS buffer at pH 7.4. The fluorescence spectrum of the suspension is recorded using an excitation of
the donor. The emission of the donor and acceptor were measured, respectively. 14 ul of a 1 M glucose solution is
added and the spectrum is recorded again. The difference in intensity gives the glucose response using the formula:

Glucose response [%]= ((Intensitétsoomg-Intensitatomg)/Intensitatomg)*100

[0056] The glucose response was measured and calculated to be 15%. The increase of the donor signal with respect
to the addition of glucose as described above is shown in Figure 5, wherein curve 3 shows the emission of the donor
and acceptor after glucose addition and curve 4 before glucose addition..

Example 3: Coupling of concanavalin A to alginate beads being cross-linked using Glycidylmethacrylate-
modified alginate and N-Vinylpyrolidinone in a radical polymerisation in an emulsion

[0057] Alginate can be acrylated using glycidylmethacrylate and N-vinylpyrolidinone and then covalently cross-linked
by a radical polymerisation. The thus formed covalently cross-linked alginate beads can be treated as described in
example 1 to bind concanavalin A.

[0058] The invention also relates to ionically cross-linked or covalently cross-linked alginate micro-particles and cov-
alently cross-linked polyacrylate micro-particles comprising dextran and covalently coupled glucose-binding lectin such
as concanavalin A. The invention further pertains to a kit comprising ionically or covalently cross-linked micro-particles;
dextran; and a glucose-binding lectin, such as concanavalin A in pure or modified form, a stabilised glucose-specific
enzyme, an appropriate molecule from aptamer or spiegelmer classes, or a mixture thereof.

[0059] While preferred embodiments have been illustrated and described in detail in the drawings and foregoing
description, the same is to be considered as illustrative and not restrictive in character, it being understood that only the
preferred embodiment has been shown and described and that all changes and modifications that comes within the
spirit of the invention both now or in the future are desired to be protected.

Claims
1. Method for forming glucose sensing micro-particles, comprising the steps of:

(a) providing a suspension comprising hydrogel micro-particles, the hydrogel micro-particles comprising a cov-
alently cross-linked or ionically cross-linked hydrogel matrix, which comprises functional groups;

(b) adding one or more reagents to the suspension to activate the functional groups of the hydrogel micro-
particles; and

(c) after having activated the functional groups, adding a glucose-binding lectin, such as concanavalin A in pure
or modified form, a stabilised glucose-specific enzyme, an appropriate molecule from aptamer or spiegelmer
classes, or a mixture thereof to the suspension to link them covalently to the activated functional groups.
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Method according to claim 1, wherein step (b) further comprises:

(b1) washing the hydrogel micro-particles to remove the reagents.
Method according to claim 1 or 2, wherein the functional groups comprise at least carboxyl groups.
Method according to any of the preceding claims, wherein the reagent for activating the functional groups comprises
N-Ethyl-N*~(3-dimethylaminopropyl)carbodiimide hydrochloride and N-Hydroxysulfosuccinimide sodium salt
(EDAC/NHS).
Method according to any of the preceding claims, wherein the step (a) further comprises:

(a1) forming the hydrogel micro-particles by radical polymerisation of monomers.

Method according to claim 5, wherein the monomer is alginate, which is modified by incorporating a double bond.

Method according to claim 5, wherein the monomer is an acrylic monomer comprising a carboxyl group which is
polymerised by a bisacrylate.

Method according to claims 1 to 4, wherein the step (a) further comprises:

(a1) forming the hydrogel micro-particles by ionically cross-linking polyelectrolytes using multivalent counter-
ions.

Method according to claim 8, wherein the polyelectrolytes comprises alginate.
Method according to any of the preceding claims, wherein step (c) comprises:

adding the glucose-binding lectin, stabilised glucose-specific enzyme, the molecule from aptamer or spiegelmer
classes, or a mixture thereof to the suspension in the presence of glucose.

Use of the particles manufactured according to any of the preceding claims for sensing or detecting glucose.
Kit, comprising:
- ionically cross-linked or covalently cross-linked hydrogel micro-particles;
- aglucose-binding lectin, such as concanavalin A in pure or modified form, a stabilised glucose-specific enzyme,

an appropriate molecule from aptamer or spiegelmer classes, or a mixture thereof, and
- dextran.
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